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(54) Magneto-optical storage nnedium and recording method thereof 



(57) The magneto-optical storage medium in 
accordance with the present invention includes: a first 
magnetic layer (4) constituted by a perpendicularly 
magnetized film; a second magnetic layer (3) consti- 
tuted by a perpendicularly magnetized film so as to be 
exchange coupled to the first magnetic layer (4); and a 
third magnetic layer (1 ) magnetostatically coupled to the 
first and second magnetic layers at elevated tempera- 
tures, magnetization of ttie first magnetic layer (4) being 
copied to the third magnetic layer (1), wherein the sec- 
ond magnetic layer (3) produces a greater peak net 
magnetization and has a higher Curie temperature than 
the first magnetic layer (4). The structure enhances 
magnetostatic coupling forces acting t)etween the first 
magnetic layer (4) and the second magnetic layer (3) 



and also between the first magnet'c layer (4) and tiie 
third magnetic layer (1). Therefore, the magneto-optical 
medium is capable of stably copying a weaker magneti- 
zation in a magnetic recording domain to the third mag- 
netic layer (reproduction layer) (1) and reproduce 
information stored therein. A wider reproduction power 
margin is thus achieved. Besides, since the second 
magnetic layer (3) serves to produce a leaking magnetic 
flux to establish magnetostatk: coupling to the third 
magnetk: layer (1). and the first magnetic layer (4) 
serves to perform a satisfactory recording state, the 
super-resolution magneto-optical disk is realized with 
satisfactory recording capabilities. 
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Description 

FIELD OF THE INVErsTTION 

5 [0001] The present invention relates to magneto-optical media, such as, magneto-optical disks, magneto-optical 
tapes, and magneto-optical cards, that are applicable to magneto-optical recording/reproducing apparatuses. 

BACKGROUND OF THE INVENTION 

70 [0002] Some time has passed since rewritable optical storage disks were put into practk^al use as a first applk^ation 
of a magneto-optk^al storage medium. To delete stored data from such optical storage disks, the temperature of a part 
of the magneto-optk^l storage medium Is elevated by a light beam which is emitted from a semkx)nductor laser and 
focused on that part of the magneto-optical storage medium. And then, a light beam having intensity at which data is 
not deleted is emitted and focused on the magneto-optical storage medium, and polarization of the reflected light is ree- 
ls ognized, so that the stored data is reproduced. 

[0003] However, in such a magneto-optical storage medium, when the magnetic recording domain has a smaller 
recording bit diameter and a smaller recording bit interval than the beam spot of the light beam, reproduction charac- 
teristics are degraded. This is because an acfjacent recording bit enters a beam spot of a light beam focused on a target 
recording bit, so individual recording bits cannot be distinguished for reproduction. 
20 [0004] Japanese Unexamined Patent Publfcation No. 9-1 80276/1 997 (Tokukaihei 9-1 80276; published on July 1 1 , 
1997; corresponding to U.S. Patent No. 5777953) discloses a magneto-optical storage medium for solving the above 
problem. The magneto-optical storage medium includes: a magnetk: reproduction layer, which exhibits in-plane mag- 
netization at room temperature and changes to perpendicular magnetization at a critical temperature or a higher tem- 
perature; a non-magnefic intemrtediate layer; and a magnetic storage layer, for storing data, which is constituted by a 
25 perpendicularly magnetized film. 

[0005] Further, Japanese Unexamined Patent Publteation No. 9-320134/1 997 (Tokukaihei 9-320134; published on 
December 12, 1997; con^ponding to U.S. Patent No. 5939187) discloses a magneto-optk»l storage medium for 
improving reproduction characteristics. The magneto-optical storage medium includes: a magnetic reproduction layer, 
which exhibits in-plane magnetization at room temperature and changes perpendicular magnetization at a critfcal tem- 
30 perature or a higher temperature, an in-plane magnetized layer having a Curie temperature around the foregoing critical 
temperature, a non-fnagnetic intermediate layer, and a magnetic storage layer, for storing data, which is constituted by 
a perpendicularly magnetized film. 

[0008] Furthermore, Japanese Unexamined Patent Publication No. 8-180486/1996 (Tokukaihei 8-180486; pub- 
lished on July 12, 1996; corresponding to U.S. Patent No. 5659537) discloses a magneto-optical storage medium 

35 including: a magnetic reproduction layer which exhibits perpendicular magnetization; a non-magnetic intermediate 
layer; and a magnetk; storage layer, for storing data, which is constituted by a perpendk:ulariy magnetized film. 
[0007] /\ocording to Tokukaihei 9-180276 and Tokukaihei 9-320134, in the magneto-optical storage medium, the 
magnetic reproduction layer changes to in-plane magnetization at a critical temperature or a lower temperature. Thus, 
the magnetic infonnation stored in the magnetic recording domain in the magnetic storage layer is not copied to the 

40 reproduction layer, so the infonnation is not reproduced. Meanwhile, the magnetic reproduction layer changes to per- 
pendicular magnetization at a critical temperature or a higher temperature, the information stored in ttie magnetk; 
recording domain in the magnetic storage layer is copied to the magnetic reproduction layer, and the infonmation stored 
in the magnetic recording domain is reproduced. Thus, even when an adjacent recording bit enters a beam spot of a 
light beam focused on the magnetk: reproduction layer, individual recording bits can be distinguished from one another 

45 in a reproduction process by suitably setting the reproduction power of a light beam and the critical temperature where 
the magnetic reproduction layer changes to perpendicular magnetization. Consequently, it is possible to achieve mag- 
netic super-resolutk>n reproduction whereby information stored with high density is reproducible. 
[0008] Also, in the magneto-optical storage medium disclosed in Tokukaihei 8-1 80486, magnetic information is cop- 
ied from the magnetic reproduction layer to the magnetic storage layer only in a part where temperature is elevated, and 

so magnetic super-resolution reproduction can be realized similarty to the foregoing. 

[0009] However, in recent years, optical disks with a larger storage capacity have been in demand. Hence, it has 
been necessary to form smaller magnetic recording domains in the magnetk: storage layer, to copy the nnagnetic 
recording domains to the magnetic reproduction layer, and to perform reproduction in a stable manner. 
[0010] The magnetic storage layers, disclosed in Tokukaihei 9-180276, Tokukaihei 9-320134, and Tokukaihei 8- 

55 180486, for use in magneto-optical storage media have a compensation temperature around room temperature, 
records and holds infonnation, and produces a leaking nnagnetic flux for copying information from a magnetic recording 
domain in the magnetic storage layer to the magnetic reproduction layer in a reproduction process. Therefore, the Curie 
temperature of the magnetic storage layer is set in a range of from 225 **C and 275 *^ to prevent excessive recording 
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power. In this case, in a reproduction process, when temperature is elevated at the center of a light beam spot to around 
a Curie temperature, the net magnetization of the magnate storage layer decreases around the center of the light beam 
spot. Thus, a leaking magnetic flux from the magnetic storage layer grows smaller so as to weaken magnetostatic cou- 
pling forces between the magnetic storage layer and the magnefc reproduction layer; hence, the infomnation stored in 
5 a magnetic domain is not copied to the magnetic reproduction layer. Consequently, the net magnetization of the mag- 
netic storage layer becomes extremely small according to a temperature increase, so that a reproduction power margin 
Is narrowed, a smaller magnetk: recording domain cannot be copied to the magnetk: reproduction layer, and stable 
reproduction is not possible. 

[0011] An objective of the present invention is to provide a magneto-optk^at storage medium and a recording 
10 method thereof, that can increase the net magnetization of the magnetk: storage layer during reproduction and repro- 
duce data stored in a small magnetk: recording domain in a stable manner. 

SUMMARY OF THE INVENTION 

15 [001 2] A magneto-optk»l storage medium in accordance with the present invention, to achieve the foregoing objec- 
tive, includes: 

a reproduction layer whk:h exhibits in-plane magnetization at room temperature and changes perpendknjiar mag- 
netization at a temperature equal to, or higher than, a predetermined temperature; 
20 a storage layer, for storing magnetic information, whbh is magnetostatically coupled to the reproduction layer; and 
a magrietk: flux fomiing layer for producing a leaking magnetk: flux so as to be magnetostatk:ally coupled to the 
reproduction layer, the magnetic flux forming layer being exchange coupled to the storage layer. 

[0013] According to the magneto-optk^l storage medium, magnetostatk: coupling is established during a reproduc- 
es tion process by the leaking magnetic flux arising from the storage layer and the perpendicular magnetization of the 
reproduction layer and copies the magnetic information in the storage layer to the reproduction layer. Therefore, mag- 
netic information can be reproduced only from a part of the reproduction layer where temperature is equal to, or higher 
than, the predetermined temperature. This enables nnagnetk: super-resolution reproduction whereby magnetk: informa- 
tion stored with high density is reproducible. 
30 [0014] Incidentally, if a storage layer plays dual roles of storing information and of producing a leaking magnetic flux 
to establish magnetostatic coupling, as is the case with conventional disks, the net magnetization in the storage layer 
decreases with an increase In the reproduction power during a reproduction process. As a result, the storage layer flails 
to produce a sufficientiy large leaking magnetic flux, which weakens the magnetostatic coupling between the storage 
layer and the reproduction layer. This disables stable reproduction and results in a narrow reproduction power margin. 
35 [0015] In contrast, the magneto-optical storage medium includes a magnetic flux forming layer which is exchange 
coupled to the storage layer and which also produces a leaking magnetic flux so as to be magnetostatk:ally coupled to 
the reproduction layer. This enables the magnetk: flux forming layer e)a:hange coupled to the storage layer to produce 
a leaking magnetic flux, despite the fact that the storage layer loses some of its net magnetization with an increase in 
the reproduction power. Therefore, the magnetostatic coupling established by the leaking magnetk: flux arising from the 
40 magnetic flux forming layer ensures the copying of the magnetk: infomnation in the storage layer to the reproduction 
layer. Consequently, an increase in the reproduction power does not disturb stable reproduction and does not lead to a 
narrow reproduction power margin. 

[0016] For a fuller understanding of the nature and advantages of the Invention, reference should be made to the 
ensuing detailed description taken in conjunction with the accompanying drawings. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0OI7] 

50 Figure 1 is a cross-sectional view showing magnetization to illustrate reproduction principles of a super-resolution 
magneto-opfical storage medium of an embodiment in accordance with the present invention. 
Rgure 2 is a cross-sectional view showing nnagnetization to illustrate reproduction principles of a conventional 
super-resolution magneto-optical storage medium. 

Rgure 3 is a graphk:al representation showing, as an example, magnetic properties of a storage layer in a conven- 
55 tional super-resolution magneto-optical storage medium. 

Figure 4 is a graphk»l representation showing, as an example, magnetic properties of a storage layer in a conven- 
tional super-resolution magneto-optical storage medium. 

F^ure 5 is a graphk»l representation showing, as an example, magnetic properties of a storage layer in a conven- 
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tional super-resolution magneto-optical storage medium. 

Figure 6 is a graphical representation showing, as an example, magnetic properties of a storage layer in a conven- 
tional super-resolution magneto-optical storage medium. 

Figure 7 is a graphical representation showing, as an example, magnetic properties of a layer structure constituted 
5 by a magnetic flux forming layer and a storage layer in the foregoing super-resolution magneto-optical storage 
medium. 

Rgure 8 is a cross-sectional view showing magnetization to illustrate reproduction principles of a super-resolution 
magneto-optical storage medium of embodiment 2 in accordance with the present invention. 
Rgure 9 is a graphical representation showing, as an example, magnetic properties of a layer structure constituted 
10 by a magnetic flux forming layer, a storage layer, and a supplementary storage layer in a super-resolution magneto- 
optical storage medium in accordance with the present invention. 

Rgure 10 is a cross-sectional view showing magnetization to illustrate reproduction principles of a super-resolution 
magneto-optical storage medium of embodiment 3 in accordance with the present invention. 
Rgure 11 is a cross-sectional view showing magnetization to illustrate reproduction principles of a super-resolution 
IS magneto-optical storage medium of embodiment 4 in accordance with the present invention. 

Rgure 12 is a cross-sectional showing a structure of a super-resolution magneto-optical dislc of example 1 . 
Rgure 13 is a graphical representation showing the reproduction power dependence of the CNR of a super-reso- 
lution magneto-optical disk of example 1 . 

Rgure 14 is a cross-sectional showing a structure of a super-resolution magneto-optical disk of example 2. 
20 Rgure 15 is a graphical representation of the recording magnetic field dependence of the CNR of the super-reso- 
lution magneto-opticat dislc of example 2. 

Rgure 16 is a cross-sectional showing the structure of a super-resolution magneto-optical disk of example 3. 
' Rgure 1 7 is a graphical representation showing the reproduction power dependence of the CNR of the super-res- 
olution magneto-optical disk of example 3. 
25 Rgure 1 8 is a cross-sectional showing the structure of a super-resolution magneto-optical disk of example 4. 

Rgure 19 is a graphical representation showing the recording magnetic field dependence of the CNR of the super- 
resolution magneto-opttoal disk of example 4 in accordance with the present invention. 

Rgure 20 is a graphical representation showing the reproduction power dependence of the CNRs of super-resolu- 
tion magneto-optical disks incorporating magnetic flux forming layers 3 having various Fe:Co ratios. 
30 Figure 21 is a graphical representation showing the reproduction power dependence of the CNRs of super-resolu- 
tion magneto-optical disks incorporating magnetic flux forming layers 3 including rare-earth and tiBnsition metals 
in various ratios accordance with the present Invention. 

Rgure 22 is a cross-sectional view showing magnetization to illustrate reproduction prindples of a super-resolution 
magneto-optk^l storage medium of example 7. 
35 Rgure 23 is a cross-sectional view showing magnetization to illustrate reproduction principles of a conventional 
super-resolution magneto-optical storage medium. 

Rgure 24 is a cross-sectional view showing magnetization to illustrate reproduction principles of a super-resolution 
magneto-optical storage medium of exanrtple 7, which has a different structure from the foregoing ones. 

40 DESCRIFTIGN OF THE EMBODIMENTS 

[EMBODIMENT 1] 

[0018] Refening to Rgs. 1 to 7, the following explanation describes one embodiment of the present invention. 

45 [0019] Rg. 1 IS an explanatory drawing showing, in a cross-sectional view, the magnetization of a super-resolution 
magneto-optk^al storage medium 20 according to one embodiment of the present invention. The super-resolution mag- 
neto-optical storage medium 20 changes to in-plane magnetization at room temperature. A reproduction layer 1 (third 
magnetic layer) whk:h exhibits perpendk:ular magnetization at a critical temperature and higher temperatures, a non- 
magnetic intemrtediate layer 2, a magnetic flux forming layer 3 (second magnetic layer) whose compensation tempera- 

50 ture is substantially equal to room temperature, and a storage layer 4 (first magnetic layer) for storing information are 
stacked in this order (hereinafter, the magnetic flux fomning layer 3 and the storage layer 4 are collectively referred to 
as a storage layer body 50). Here, the reproduction layer 1 changes from in-plane magnetization to perpendknilar mag- 
netization, and therefore is preferably RE-rich (a rare-earth metal is dominant) at least at room temperature. 
[0020] Additionally, the magnetic flux forming layer 3 and the storage layer 4 are exchange coupled to each other, 

55 and the reproduction layer 1 is magnetostatk^ly coupled to the magnetic flux fomning layer 3 and the storage layer 4. 
[0021] In the super-resolution magnetic storage medium 20 configured as above, the reproduction layer 1 becomes 
magnetostaticaliy coupled to the magnetic fiux fomning layer 3 and the storage layer 4 through the magnetization of the 
reproductbn layer 1 , whk:h has now changed to perpendk^ular nrmgnetization, and the leaking nnagnetic fluxes arising 
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from the magnetic flux fomfiing layer 3 and the storage layer 4, so that the magnetic Information in the storage layer 4 is 
copied to the reproduction layer 1 . With this arrangement, magnetic super-resolution reproduction can be achieved, in 
which a light beam 5 reproduces magnetic inforrnation only in a part where temperature is equal to, or higher than, its 
critical temperature. 

5 [0Q22] Rg. 2 is an explanatory drawing showing^ in a cross-sectional view, the magnetization of a conventional 
super-resolution magneto-optical storage medium 21. The super-resolution magneto-optical storage medium 21 is 
identical to the super-resolution magneto-optical storage medium 20, except that the fomrier does not include a mag- 
netic flux fomriing layer 3 or a storage layer 4, but includes a storage layer 6. Explanation is omitted of members that 
have the same function as those in the super-fBsolution magneto-optical storage medium 20. The same magnetic films 

10 as in the super-resolution magneto-optical storage medium 20 of the present embodiment are adopted as the repro- 
duction layer 1 and the non-magnetic layer 2. Further, the storage layer 6 plays dual roles of storing infomiation and of 
producing a leaking magnetic flux for magnetostatic coupling. Therefore, the storage layer 6 of the super-resolution 
magneto-optical storage medium 21 needs to produce a leaking magnetic flux, whk^h can maintain stable magneto- 
statk: coupling to the reproduction layer 1 , and to achieve preferable recording characteristics. 

IS [0023] Rg. 3 shows the dependence on temperature of the coercive force He and the net magnetization Ms of tiie 
storage layer 6, which is used in the super-resolution magneto-optical storage medium 21 and is made of 
^^.24('^^.86(^.i5)o.76 ^ thickness of 40 nm. In this case, the Curie point is 250 and the coercive force He rap- 
idly decreases according to a temperature rise and becomes 0 at the Curie point. Hence, a magnetic domain recorded 
at the Curie point is maintained in a stable manner white temperature decreases, achieving preferable recording char- 

20 acteristics. However, in a reproduction process, when the storage layer 6 has a temperature of 150 ""C or higher due to 
an increase in the reproduction power, the net magnetization Ms in the storage layer 6 decreases particulariy in a part 
having a maximum temperature in an area receiving a light beam. Accordingly, it is found that the leaking magnetic flux 
arising from the storage layer 6 is reduced. For these reasons, magnetostatic coupling is weakened between the repro- 
duction layer 1 and the storage layer 6, thus preventing stable reproduction. Namely, a larger reproduction power pre- 

25 vents stable reproduction, so that a reproduction power margin is narrowed. 

[0024] Rg. 4 shows the dependence on temperature of the coercive force He and the net magnetization Ms of the 
storage layer 6, having a thk:kness of 40 nm, whtoh is made of Tt)o24(Feo.6o^o.4o)o.76 having a larger content of Co 
than Tbo.24('^.85^^. 15)0.76 ^9- 3- Regarding an amorphous thin film of an alloy of rare-earth (RE) and transition 
metals (TMs), a Co content in the transition metal is relatively high so as to increase the Curie temperature. In this case, 

30 the peak value of the net magnetization Ms is 1 .4x1 0^ AAn (140 emu/cc), which is larger than the peak value (0.7x1 0^ 
A/m) of the net magnetization Ms of Tbo^4(Feo^CO(xi5)a76 shown in Rg. 3. Additionally, the net magnetization Ms has 
a peak value at 250 ^C. Hence, it Is understood that when Tb(X24(Feo^Coo^ 5)0.76 of Rg. 4 is used as the storage layer 
6, stable magnetostafic coupling can be maintained at high temperatures and a broader reproductk}n power margin can 
be achieved as compared with the storage layer 6 made of Tbo^4(Feo.85Coo.i5)a76 i*^ ^9* 3- However, 

^ ^0.24(^^.85^0.15)0.76 of Rg. 4 has a high Curie temperature of 380 ''C and maintains a large coercive force of 40 
kA/m (500 Oe) or greater even at 300 °C, so that a high recording laser power is necessary for recording. 
[0025] Generally, in order to obtain a preferable recording sensitivity, the recording tenriperature (in this case, a 
Curie temperature) is preferably set between 225 **C and 275 If temperature rises exceeding this range, a magnetic 
film and so on is deteriorated by heat so as to considerably reduce the fifespan of the storage medium. Thus, it is difficult 

40 to use Tbo.24(Feo.6cPoo.4o)o.76 of Rg. 4 as the storage layer 6. 

[0026] Next, Fig. 5 shows the dependence on temperature of the coercive force He and the net magnetization Ms 
of the storage layer 6, wh»h has been conventionally used and is made of Dya23(Fea75Poo,25)o.77 ^ thk:kness of 
40 nm. DyFeCo is smaller than TbFeCo in perpendk:ular magnette anisotropy, so that the coercive force He is smaller 
than that of Rg. 3. Furtiiermore, the net magnetization Ms and the coercive force He both show substantially the same 

45 dependence on temperature as Rg. 3. Like the construction of Rg. 3, the recording characteristics are preferable but a 
reproduction power margin Is small. 

[0027] Rg. 6 shows the dependence on tennperature of the coercive force He and the net magnetization Ms of the 
storage layer 6, whbh is made of Dyo^(Feo,55Coo.45)o.77 with a thckness of 40 nm. As compared with TbFeCo of Rg. 
4, DyFeCo is smaller In perpendk:ular magnetic anisotropy. Hence, the coercive force rapidly decreases with rising tem- 

50 peratures, so that the coercive force He is 1 6 kA/m (200 Oe) or weaker at 200 '^C or higher temperatures. Like the con- 
struction of Rg. 4, the net magnetization Ms of Rg. 6 has a high peak value of 1.6x10^ A/m (160 emu/cc) at 250 ^^C; 
however, the coercive force decreases around 200 **C and the magnetic information stored cannot be maintained in a 
stable manner in the case of the storage layer 6. Consequently, a reproduction power margin becomes nanrow. 
[0028] Meanwhile, as for recording, the coercive force He is small at 200 ^C or higher temperatures, so that the 

55 direction of magnetization can be aligned to the directton of a recording magnetic field by applying a recording magnetic 
field larger than the coercive force He at a temperature of 2ZS ^C to 275 where a preferable recording sensitivity can 
be obtained. However, the coercive force increases only in a gradual manner while the recording magnetization direc- 
tion is fixed in a temperature decreeing process; thus, a recorded nrtagnetization direction cannot be maintained in a 
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stable manner, so that preferable recording characteristics cannot be obtained according to a magnetic field modulation 
recording method. TTierefbre, it is difficult to use Dyo.23(Feo.55Coo,45)o.77 of Rg. 6 as the storage layer 6. 
[0029] As mentioned above, when only the storage layer 6 of Rg. 2 produces a leaking magnetic flux for magneto- 
static coupling and stores infomnation, it is not possible to obtain satisfactory reproduction and recording characteristics. 
5 [0030] Hence, as described above, the super-resolution magneto-optical storage medium 20 of Rg. 1 uses the 
magnetic flux fbnning layer 3 and the storage layer 4 in place of the storage layer 6. 

[0031] Rg. 7 shows an example of the dependence on temperature of the net magnetization Ms and the coercive 
force He of a construction (storage layer body 50) in which the magnetic flux fomning layer 3 and the storage layer 4 are 
stacked. Here, Dyo^(Feo.55CooL45)o.77 with a thickness of 40 nm of Rg. 6 is used as the magnetic flux fomning layer 3. 

10 Tbo^(Feo.a2Coo.i8)o.74» whfch has a larger content of Tb than TbFeCo of Rg. 4, with a thfckness of 20 nm is used as 
the storage layer 4. TTie storage layer 4 has a compensation temperature of 1 00 and a Curie temperature of 250 ^C. 
[0032] As for the dependence on temperature of the net magnetization Ms of the storage layer body 50, the storage 
layer 4 has a high compensation temperature of 1 00 **C, so that the storage layer 4 has small magnetization around the 
compensation temperature. However, the storage layer body 50 shows a high peak value sut^stantialty in the same 

15 manner as DyFeCo shown in the graph of Rg. 6, causing a large leaking magnate flux to arise from the magnetic flux 
fomning layer 3. Thus, it is possible to increase the magnetostafic coupling forces exerted on the reproduction layer 1 
and to wklen the reproduction power margin. 

[0033] Further, a TbFeCo thin film used as the storage layer 4 can reduce the coercive force more rapidly around 
the Curie temperature by increasing the content of Tb and raising the compensation temperature (to be specific, higher 

20 than room temperature). The coercive force He of the storage layer body 50 in Rg. 7 rapidly decreases as temperature 
decreases toward 250 ""C, which is equal to the Curie temperature of the storage layer 4. Hence, a nnagnetic field is 
applied to the storage layer 4 while heating it to its Curie temperature, so that preferable recording characteristk^s can 
be obtained. Normally, when the compensation temperature is increased, the net magnetization decreases, thereby 
reducing the leaking magnetic flux. However, in the case of the super-resolution magneto-opfical storage medium 20 of 

25 the present invention, the magnate flux forming layer 3 acts as a source of a leaking magnetic flux; thus, even when the 
net magnetization of the storage layer 4 becomes small, preferable reproduction characteristk:s can be obtained. 
[0034] As eariier mentioned, in the magneto-optical storage medium 20 of the present embodiment, the magnetic 
flux forming layer 3 produces a leaking magnetfc flux for magnetostatic coupling to the reproduction layer 1 and the stor- 
age layer 4 realizes a preferable recording condition; therefore, it is possible to provide a magneto-optical storage 

30 medium and a recording method thereof having preferable reproduction and recording characteristics. 

[0035] Here, as eariier mentioned, the magnetic flux fomning layer 3 preferably has a large peak value of net mag- 
netization on a high-temperature area where at least the net magnetization of the storage layer 4 decreases. To attain 
this peak value, when the magnetic flux fomning layer 3 has a Curie temperature of Tc3 and the storage layer 4 has a 
Curie temperature of Tc4, it is only necessary to satisfy at least Tc3 > To4. Moreover, it is desirable that the magnetc 

35 flux forming layer 3 be larger than the storage layer 4 in peak value of net magnetization and in peak temperature. 
[0036] Besides, if a leaking magnetic flux is too large at room temperature, the magnetization of the reproduction 
layer 1 is seriously affected. Thus, it is desirable that the magnetic flux forming layer 3 have a compensation tennpera- 
ture around room temperature. Therefore, a conrtpensation temperature d the magnetic flux forming layer 3 is prefera- 
bly lower than that of the storage layer 4 in view of the fact that a compensation temperature of the storage layer 4 is 

40 preferably higher than room temperature. 

[0037] Also, in order to leak a magnetic flux in a stable manner and to increase a reproduction power margin on a 
part having a maximum temperature in an area receiving a light beam, the temperature where the net magnetization of 
the magnetic flux forming layer 3 is maximized is preferably higherthan the criteal temperature of the reproduction layer 
1. 

45 [0038] Further, Rg. 1 shows the construction in which the reproduction layer 1 , the non-magnetic intemnediate layer 
2. the magnetic flux fomning layer 3, and the storage layer 4 are stacked in this order. In this case, the order of stacking 
the magnetto flux fomning layer 3 and the storage layer 4 can be changed. However, in order to obtain a stable magne- 
tostatic coupling state between the reproduction layer 1 and the magnetk: flux forming layer 3, it is preferat)le to adopt 
the construction of Rg. 1 , in which the reproduction layer 1 and the nnagnetic flux forming layer 3 are stacked in the dos- 

50 est prosdmity. 

[EMBODIMENT 2] 

[0039] Rg. 8 is a explanatory drawing showing, in a cross-sectional view, the magnetization of a second super-res- 
55 olutk>n magneto-optical storage medium 22 of the present invention. The super-resolution magneto-optical storage 
medium 22 is identical to the super-resolution magneto-optical storage medium 20, except that the former includes a 
supplementary storage layer 7 (fourth magnetic layer) between the magnetic flux forming layer 3 and the storage layer 
4 of embodiment 1 shown in Rg. 1 . Members that have the same function as those in the super-resolution magneto- 
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optical storage medium 20 are indicated by the same reference numerals and no explanation is given to those mem- 
bers. 

[0040] The supplementary storage layer 7 is smaller in perpendicular magnetic anisotropy than the storage layer 4 
and the magnetic flux forming layer 3. At not more than a Curie temperature of the storage layer 4, exchange coupling 
5 is applied from the storage layer 4 to the supplementary storage layer 7 and then fmm the supplementary storage layer 
7 to the magnetic flux forming layer 3, so that the storage layer 4 and the magnetic flux fomiing layer 3 have directions 
of sublattice magnetic moment in parallel. 

[0041] Meanwhile, at not less than a Curie temperature of the storage layer 4, the supplementary storage layer 7 
having a smaller perpendicular magnetic anisotropy establishes exchange coupling to the magnetic flux fonming layer 

10 3, so that the coercive force of the magnetic flux fomning layer 3 is considerably reduced or a magnetization direction is 
inclined relative to a direction perpendicular to a film surface, thereby setting the coercive force substantially at 0. The 
coercive force of the magnetic flux forming layer 3 is reduced around the Curie temperature of the storage layer 4 or 
higher temperatures; thus, the magnetization of the magnetic flux forming layer 3 can be reversed in a smaller recording 
magnetic field, and the magnetization direction is copied to the storage layer 4 and recorded therein so as to achieve 

15 stable recording at low magnetic field strengths. 

[0042] Rg. 9 shows the dependence on temperature of the net magnetization Ms and the coercive force He in the 
super-resolution magneto-optical storage medium 22 according to Embodiment 2 of the present invention shown in Rg. 
8, in which the magnetic flux fomning layer 3, the second storage layer 7, and the storage layer 4 are stacked (hereinaf- 
ter, referred to as a storage layer body 51). Here, Dyo^(Feo.55Coo.45)o.77 with a thickness of 40 nm and 

20 T^o^(f^®o.82C<>o.i8)o.74 ^ith a thtekness of 20 nm, which are shown in Rg. 2, are respectively used as the magnetic 
flux forming layer 3 and the storage layer 4. Gdo^FeaToCoo^aeo with a thickness of 1 0 nm is used as the supple- 
mentary storage layer 7. Gdo^Feo.7oCoo.3o)o.80 used as a magnetic film whch has a smaller perpendicular mag- 
netic anisotropy than the magnetic flux forming layer 3 and has a higher Curie temperature than the storage layer 4. 
[0043] In view of the dependence on the temperature of the net magnetization Ms and the coercive force He of Fig. 

25 9, it is understood that like the net magnetization Ms and the coercive force He of the super-resolution magneto-optk^al 
storage medium 20 shown in Rg. 7, large magnetization of 1.6x10^ AAn (160 emu/cc) or greater appears at 250 "^C 
(1 .2x1 0^ A/m (1 20 emu/cc or greater at 1 50 **C to 300 ^C), a large leaking magnetic flux arises from the magnetic flux 
forming layer 3, and magnetostatic coupling force to the reproduction layer 1 is increased. 

[0044] Moreover, regarding the net magnetization Ms and the coercive force He of the magneto-optical storage 
30 medium 20 shown in Rg. 7, in which the supplementary storage layer 7 is not provided, the magnetic flux forming layer 
3 has a coercive force of about 1 6 kA/m (200 Oe) when the storage layer 4 has a Curie temperature of 250 °C or higher. 
A nrmgnetic field of at least 1 6 kA/m (200 Oe) Is necessary for recording. Regarding the net magnetization Ms and the 
coercive force He of the magneto-optical storage medium 22 shown in Rg. 9 including the supplementary storage layer 
7, the coercive force of the magnetic flux forming layer 3 is substantially 0 when the storage layer 4 has a Curie temper- 
as ature of 250 "^C or higher, so that recording is possible at lower magnetic field strengths. 

[0045] As described above, the magneto-optical storage medium 22 of the present embodiment can increase a 
reproduction power margin and maintain more preferable recording characteristics as compared with Embodiment 1. 
Additionally, as eariier mentioned, it is desirable that the magnetk: flux forming layer 3 be at least larger In peak value 
of net magnetization than the storage layer 4. In order to obtain such a peak value, when the magnetic flux forming layer 
40 3 has a Curie temperature of Tc3 and the storage layer 4 has a Curie temperature of Tc4, it is preferable to satisfy at 
least Tc3 > Tc4. Further, when the supplementary storage layer 7 has a Curie temperature of Tc7, the supplementary 
storage layer 7 needs to be niagnetized to reduce the coercive force of the magnetic flux forming layer 3 at the Curie 
tennperature Tc4 of the storage layer 4, and at least Tc7 > To4 needs to be satisfied. 

[0046] Further, like Embodiment 1, when too large a magnetk: flux leaks from the storage layer body 51 at room 
45 temperature, the magnetization of the reproduction layer 1 is seriously affected, so that the magnetic flux forming layer 
3 preferably has a compensation temperature around room temperature. Besides, in order to leak a magnetk: flux in a 
stable manner and to increase a reproduction power margin in a part having a maximum temperature In an area receiv- 
ing a light beam, the temperature where the net magnetization of the magnetic flux forming layer 3 is maximized is pref- 
erably higher than the critk^al temperature of the reproduction layer 1. 
50 [0047] Moreover, Rg. 8 shows the construction in whkrfi a reproduction layer 1 , a non-magnetic intermediate layer 
2, the magnetk: flux fonming layer 3, the supplementary storage layer 7, and the storage layer 4 are stacked in this order. 
In order to realize recording at low magnetic field strengths, it is essential only that the supplementary storage layer 7, 
the storage layer 4, and the magnetic flux forming layer 3 are exchange coupled. For example, the following construc- 
tions are appricable: a construction in whfch the reproduction layer 1 , ttie non-magnetic intermediate layer 2, the mag- 
55 netic fiux forming layer 3, the storage layer 4, and the supplementary storage layer 7 are stacked in this order, and a 
construction in whbh the reproduction layer 1 , the non-magnetic intermediate layer 2, tiie supplementary storage layer 
7, the storage layer 4, and ttie magnetic fiux forming layer 3 are stacked in this order. In order to achieve a stable mag- 
netostatic coupling state between the reproduction layer 1 and the magnetic flux forming layer 3, it is preferable to adopt 
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the construction of Rg. 8, in which the reproduction layer 1, the non-magnetic intermediate layer 2, the magnetic flux 
forming layer 3, the supplementary storage layer 7, and the storage layer 4 are stacked in this order with the closest 
proximity between the reproduction l^er 1 and the magnetic flux fbmiing layer 3, or the construction in which the repro- 
duction layer 1 , the non-Intermediate layer 2, the magnetic flux forming layer 3, the storage layer 4, and the supplemen- 
tary storage layer 7 are stacked in this order. 

[0048] Here, Embodiment 2 and Embodiment 1 respectively describe the super-resolution magneto-optical storage 
mediunns 20 and 22, in whk:h a reproduction layer changing from in-plane magnetization to perpendk:ular magnetiza- 
tion is used as the reproduction layer 1 . However, the present invention is not limited to the above arrangement Any 
super-resolution magneto-optk^al storage medium is applicable as long as the reproduction layer and the storage layer 
are magnetostatk^tty coupled to each other. For example, it is possible to adopt a super-resolution magneto-optical 
storage medium disclosed in Tokukaihei 8-180486, in which a perpendk:ulariy magnetized layer is used as the repro- 
duction layer 1 (See Example 7 described later). 

[EMBODIMENTS] 

[0049] Rg. 1 0 is an explanatory drawing showing, in a cross^ectional view, the magnetization of a super-resolution 
magneto-optteal storage medium 23 of the present invention. 

[0050] The super-resolution magneto-optfcal storage medium 23 is identfcal to the super-resolution magneto-opti- 
cal storage medium 20 of Rg. 1 , except that an in-plane magnetized layer 8 (fifth magnetic layer) is stacked with a Curie 
temperature being set around a critical temperature, where the reproduction layer 1 changes to perpendfcular magnet- 
ization. Members that have the same function as those in the super-resolution magneto-optical storage medium 20 are 
indicated by the same reference numerals and no explanation is given to those members. 

[0051] In the super-resolution magneto-opfical storage medium 23, the reproduction layer 1 and the In-plane mag- 
netized layer 8 are exchange coupled to each other at not more than a Curie temperature of the in-plane magnetized 
layer 8, so that an in-plane magnetized mask on the reproduction layer 1 is strengthened. Therefore, like the super-res- 
otutton magneto-optk:al storage medium 20, it is possible to obtain a large reproduction power margin and preferable 
recording characteristics and to realize a higher reproduction resolution. 

[0052] Regarding the super-resolution magneto^ptical storage medium 23, the construction has been described 
in which the reproduction layer 1 and the in-plane magnetized l^er 8 are stacked in this order from an emitting side of 
a light beam 5. It is also possible to adopt a construction in whbh the in-plane magnetized layer 8 and the reproduction 
layer 1 are stacked in this order from the emitting side of the light beam 5. However, a reproduction signal is reproduced 
when the reproduction layer 1 exhibits perpendbular magnetization. In the constructton in whk:h the in-plane magnet- 
ized layer 8 and the reproduction layer 1 are stacked in this order from the emitting side of the fight beam 5, the light 
beam 5 passes through the in-plane magnetized layer 8 and reproduced light from the reproduction layer 1 is detected, 
so that a reproduction signal component contained in reflected light is reduced, relatively degrading quality of tiie repro- 
duction signal. In other words, it is desirable to adopt the construction in whk^h the reproduction layer 1 and the in-plane 
nnagnetized layer 8 are stacked in this order from the emitting side of the light beam 5. 

[EMBODIMENT 4] 

[0053] Rgure 1 1 is a cross-sectional view of a super-resolution magneto-optical storage medium 24 of another 
embodiment in accordance with the present invention, showing its magnetization. The super-resolution magneto-opti- 
cal storage nr^dium 24 is identical to the super-resolution magneto-optical storage medium 20 of Rgure 1 , except that 
the fbnner additionally includes a supplementary storage layer 7 and an in-plane magnetized layer 8 whbh has a Curie 
temperature around the critical temperature at which the reproduction layer 1 changes to perpendicular magnetization. 
Members that have the same function as those in the super-resolution nnagneto-optfcal storage medium 20 are indi- 
cated by the same reference numerals and no explanation is given to those members. 

[0054] In the super-resolution magn^o-optical storage medium 24, the reproduction layer 1 is exchange coupled 
to the in-plane magnetized layer 8 at temperatures not higher than the Curie temperature of the in-plane magnetized 
layer 8, whch reinforces the in-plane magnetized mask on the reproduction layer 1 . The super-resolution magneto-opti- 
cal storage medium 24 thus can achieve higher reproduction resolution, as well as a wide reproduction power margin, 
satisfactory recording characteristics, and recording at tow magn^c fiekJ strengths, similarly to the super-resolution 
magneto-optk^l storage medium 22 shown in Rgure 8. 

[0055] In the description so fiar as to the super-resolution magneto-optical storage medium 24, we have assumed 
that the reproduction layer 1 and the in-plane magnetized layer 8 are located in this order when viewed from the side of 
the medium 24 at whk:h the fight beam 5 enters the medium 24. Alternatively, the reproduction layer 1 and the in-plane 
magnetized layer 8 may be located in reverse order. However, the reproduction signal is available only where the repro- 
duction layer 1 exhibits perpendk:ular magnetization. If the reproduction layer 1 and the in-plane magnetized layer 8 are 
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disposed so that the light beam 5 enters the in-plane nrtagnetized layer 8 first, the light beam 5 must pass through the 
in-plane n^gnetized layer 8 both before and afterthe reflection from reproduction layer 1 . This reduces the reproduction 
signal component carried by the reflected beam, thereby degrading the reproduction signal quality. For these reasons, 
the reproduction layer 1 and the in-plane magnetized layer 8 are preferably located In this order when viewed from the 
5 side of the medium 24 at which the light beam 5 enters the medium 24. 

[0056] Specific examples will now be presented in detail in accordance with the present invention. 

[Example 1] 

10 [0057] The description which appears immediately below will discuss a super-resolution magneto-optical disk 25, 
shown in Rgure 12, which Is an application of the super-resolution magneto-optical storage medium 20 of embodiment 
1 In accordance with the present Invention. 

[0058] Rgure 12 is a cross-sectional view showing the structure of the super-resolution magneto-optical disk 25. 
The super-resolution magneto-optical disk 25 includes a main disk body constituted by a substrate 9, a transparent die- 
is lectric layer 1 0, a reproduction layer 1 , a non-magnetk: intermediate layer 2, a magnetic flux forming layer 3, a storage 
layer 4, a protection layer 1 1 , and an overcoating layer 12, which substrate and layers are stacked in this order. 
[0059] Data is recorded on the super-resolutbn magneto-optical disk 25 via a Curie temperature recording method, 
whereby a magnetb fiekj is applied to the storage layer 4 that is heated to a temperature around its Curie temperature. 
Accordingly, information is reproduced using nrTagneto-optk:al effects known as a polar Ken- effect a light beam 5 is pro- 
nto Jected from a semiconductor laser and focused fc>y an objective lens on the reproduction layer 1 , so as to peribrm record- 
ing and reproduction. A polar Kerr effect refers to a phenomenon in which the rotation of a plane of polarization of 
reflected light is reversed by the direction of nnagnetization that is perpendtoular to the light-entering surface. 
[0060] The substrate 9 Is composed primarily of polycartx>nate or other transparent material formed In a disk 
shape, for example. 

25 [0061 1 The transparent dielectric layer 1 0 is preferably composed of a material containing no oxygen, such as AIN, 
SiN, or AISIN. Requirements on the thk^ness of the transparent dielectric layer 1 0 include such that it imparts satisfac- 
tory interference to the incident laser and increases the Kerr rotation angle of the medium. Accordingly, the thk:kness 
of the transparent dielectric layer 10 is set to about (Ay4N), where X is the wavelength of the reproduction light and N is 
the index of refraction of the transparent dielectric layer 10. Taking a laser having a wavelength of 680 nm as an exam- 

30 pie, the thickness of the transparent dielectric layer 1 0 should be set in a range of from 40 nm to 1 00 nm. 

[0062] The reproduction layer 1 is a magnetic film constituted tiy an amorphous thin film of an alloy rare-earth and 
transition metals. The composition of the reproduction layer 1 1s adjusted to impart it such magnette properties that it 
exhibits in-plane magnetization at room temperature and changes to perpendicular magnetization at a temperature 
equal to, or higher than, a critical temperature. The reproduction layer 1 is, for example, made of GdFeCo, GdDyFeCo, 

35 or GdTbFeCo. 

[0063] The critical temperature of the reproduction layer 1 is preferably in a range of from 1 00 ^C to 200 ^C. If the 
critical temperature is lower than 1 00 the reproduction layer 1 changes to perpendk:ular magnetization with a slight 
rise in temperature; reproduction characteristk^ become unstable since they are easily affected by changes in ambient 
temperature. If the critical temperature is higher than 200 °C, the critical tennperature is too close to the Curie temper- 

40 ature of the storage layer 3, which making it difficult to ensure a suitable reproduction power margin. 

[0064] The thickness of the reproduction layer 1 is pr^erabty in a range of from 10 nm to 80 nm. If the thkdcness of 
the reproductk>n layer 1 is snnalierthan 10 nm, the reproduction layer 1 reflects a decreased amount of reflected light, 
which maricedly reduces the amplitude of the reproductton signal. The reduced thk:kness also allows the light beam 5 
to pass through the reproduction layer 1 and eventually the magnetk: infbmnation in the magnetic flux fonming layer 3 to 

45 be reproduced, which degrades the reproduction resolution. On the other hand, if the thk^kness is greater than 80 nm, 
the combined thk^kness increases, which markedly degrades the sensitivity in recording. 

[0065] The non-magnetic Irrtermediate layer 2 Is composed of a dielectric, such as AIN, SiN, or AISIN; a non-mag- 
netic metal, such as At, Ti, or Ta; or an alloy of those metals. The thickness of the non-magnetic intermediate layer 2 is 
set in a range of from 0.5 nm to 60 nm to estabfish stable magnetostatic coupling between the reproduction layer 1 and 

50 the magnetic flux forming layer 3. It is difficult to fabricate the non-magnetic intermediate layer 2 with a uniform thick- 
ness smaller than 0.5 nm. In that case, the magnetostatic coupling becomes unstable. On the other hand, if the non- 
magnetic intermediate layer 2 is thicker than 60 nm, the magnetic flux forming layer 3 is separated from the reproduction 
layer 1 by the increased distance, rendering it impossit)le to maintain stable magnetostatk: coupling between those lay- 
ers. The magnette flux forming layer 3 is preferably separated from the reproduction layer 1 by a distance equal to, or 

55 smaller than, 60 nm. 

[0066] The magnetic flux fomiing layer 3 is preferably constituted by a perpendteulariy magn^ed film composed 
of an alloy of rare-earth and transition metals with a compensation temperature around room tennperature, and has a 
smaller perpendk:ular magnetic anisotropy than the storage layer 4. 
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[0067] To carry out recording via magnetic field modulation, it is preferred if the magnetic flux forming layer 3 exhib- 
its a coercive force of 24 kA/hn (300 Oe) or weaker at the Curie temperature of the storage layer 4. 
[0068] The thickness of the magnetic flux forming layer 3 is set in a range of from 20 nm to 80 nm. If the magnetic 
flux fomning layer 3 is thinner than 20 nm, the leaking magnetic flux arising from the magnetic flux fomriing layer 3 grows 
smaller, rendering it impossible to maintain stable magnetostatk: coupling. On the other hand, if the magnetic flux form- 
ing layer 3 is thk^er than 80 nm, the combined thtekness increases, which markedly degrades the sensitivity in record- 
ing. 

[0069] The compensation temperature of the magnetic flux fomiing layer 3 is preferably in a range of from -50 "^C 
to 1 00 °C. If the compensation temperature is below -50 °C, a large leaking magnetic flux arises from the magnetb flux 
forming layer 3 around room temperature, whk^h reduces the reproduction resolution. On the other hand, if the compen- 
sation temperature exceeds 100 ""C, the magnetic flux forming layer 3 fails to produce sufflcientty large magnetization 
at temperatures at whtoh the reproduction layer 1 exhibits perpendk:ular magnetization, which renders it impos^ble to 
maintain stable magnetostatic coupling. 

[0070] To produce a sufflcientiy large leaking magnetb flux around the critical temperature at whk:h the reproduc- 
tfon layer 1 changes into perpendicular magnetization, the magnetic flux forming layer 3 is required to produce a net 
magnetization with a peak value greater than that of the net magnetization produced by the storage layer 4. To fulfill this 
requirement, the Curie temperature of the magnetic flux fomiing layer 3 needs to be at least higher than that of the stor- 
age layer 4. 

[0071] In addition, to ensure stable production of a leaking magnetic flux at high temperatures and thus establish 
more stable magnetostatic coupling to the reproduction layer 1, the magnetk: flux fomning layer 3 preferably produces 
a net magnetization with a peak value at a temperature higher than the critical temperature of the reproduction layer 1 . 
The Curie temperature of the magnetic flux forming layer 3 is preferably 300 *^C or higher. 

[0072] The magnetic flux fbnming layer 3 is composed of OyFeCo, HoFeCo, DylHoFeCo, GdDyFeCo, or GdlHol=eCo, 
for example. 

[0073] The storage l^r 4 is constituted by a perpendicularly magnetized film of an alloy of rare-earth and transi- 
tion metals. To exhibit greater perpendicular magnetic anisotropy than the magnetic flux forming layer 3 and achieve 
sufficient sensitivity in actual recording, the storage layer 4 preferably has a Curie temperature spectfled in a range of 

from 220 "^C to 280 <»C. 

[0074] To keep in stable conditions the magnetic domain in whfch infomiation is recorded via a magnetic field mod- 
ulation, it is preferred if the coercive force of the storage layer 4 rapidly increases as temperature drops starting at the 
Curie temperature of the storage layer 4. To achieve this, the compensation temperature of the storage layer 4 is pref- 
erably in a range of flrom 50 to 200 The storage layer 4 is preferably composed of a material with relatively great 
perpendk^ular magnetic anisotropy, such asTbFeCo orTbDyFeCo. More preferably, the storage layer 4 exhibits greater 
perpendk:ular magnetic anisotropy than does the magnetic flux fomning layer 3. 

[0075] The thk:kness of the storage layer 4 is preferably set in a range of from 1 0 nm to 40 nm. If the storage layer 
4 is thinner than 1 0 nm, the storage layer 4 becomes too thin in comparison with the magnetic flux forming layer 3. The 
excessively reduced thk^ess thus causes the storage layer 4 to k>e &(change coupled to the magnetic flux forming 
layer 3. The storage layer 4 therefore is subjected to the disturbance by the magnetic properties of the magnetk: flux 
forming layer 3 to a relatively great extent. When temperature fells starting at the Curie temperature, the coercive force 
of the storage layer 4 gradually increases and thereby degrades recording characteristics of the storage layer 4. On the 
other hand, if the storage layer 4 is thk:ker than 40 nm, the combined thckness increases, which maricedly degrades 
the sensitivity in recording. 

[0076] The protection layer 1 1 is composed of a dielectric, such as AIN, SiN, or AISiN; or an alloy of non-magnetic 
metals, such as Al, Ti, and Ta. The protection layer 1 1 1s provided for the purpose of preventing oxidation of those alloys 
of rare-earth and transition metals included in the reproduction layer 1 and the magnetic flux magnetk: layer a The 
thickness of the protection layer 11 is set in a range of from 5 nm to 60 nm. 

[0077] The overcoating layer 12 is formed by depositing a UV-ray curing resin or a thermal curing resin using spin 
coat technique and then curing the resin by means of illumination with ultravfotet rays or heating. 
[0078] Now, a method will be explained to fabricate the magneto-opfical disk 25 including tiie foregoing structure. 
We will also present speciflc examples of recording and reproduction characteristics of the magneto-optical disk 25. 

(1) A method to febricate the magneto-optk»l disk 25 

[0079] Rrst, a polycarbonate substrate 9 was placed on a suk>strete holder in a sputtering device equipped with an 
Al target, a GdFeCo alloy target, a Dy FeCo alloy target, and a TbFeCo alfoy target. The disk-shaped polycartx>nate sub- 
strate 9 had 0.6-|im-wide, spiral land and groove recording regions, in both of whk:h regions information was recorda- 
ble. The sputtering devk» was then evacuated to 1 .3x1 0*^ Pa (1x1 0~^ Ton), before introducing a mixed gas of argon 
and nitrogen. Sut>sequentty, electrical power was supplied to the Al target to form a 6-nm-thick, transparent, AIN dielec- 
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trie layer 1 0 on the substrate 9 under a condition that the gas pressure was adjusted to 0.53 Pa (4x1 Ton^). 
[0080] Next, the sputtering device was again evacuated to 1 .3x1 0"^ Pa (1x1 0~® Torr) before introducing argon gas. 
Electrical power was then supplied to the GdFeCo alloy target to form a 40-nm-thick, Gdoj3o(Feo.8oCoo^o.7D reproduc- 
tion layer 1 on the transparent dielectric layer 1 0 under a condition that the gas pressure was adjusted to 0.53 Pa (4x1 0~ 
^ Torr). The resultant reproduction layer 1 exhibited in-plane magnetization at room temperature and changed into per- 
pendicular magnetization at 1 1 0 ""C. The reproduction layer 1 had a Curie temperature at 300 ""C, but no compensation 
temperature. The reproduction layer 1 was RE-rich from room temperature to Curie temperature. 
[0081] Following introduction of a mixed gas of argon and nitrogen, electrical power was supplied to the Al target to 
form a 5-nm-thick, AIN non-magnetic intermediate layer 2 on the reproduction layer 1 under a condition that the gas 
pressure was adjusted to 0.53 Pa (4x1 0'^ Torr). 

[0082] TTie sputtering device was again evacuated to 1 .3x1 0~^ Pa (1 x1 0'^ Ton-) before introducing argon gas. Elec- 
trical power was then supplied to tiie DyFeCo alloy target to form a 50-nm-thick, Dyo.23(Feo^Coo,45)o,77 magnetic flux 
forming layer 3 on the non-magnetic intermediate layer 2 under a condition that the gas pressure was adjusted to 0.53 
Pa (4x1 0'^ Torr). The resultant magnetic flux forming layer 3 had a compensation temperature of 25 ^'C and a Curie tem- 
perature of 375 **C. 

[0083] Electrical power was supplied to the TbFeCo alloy target to fonn a 1 5-nm-thick, Tbo^(Feo,82Coo.i8)a74 
storage layer 4 on the magnetic flux forming layer 3 under a condition that the gas pressure was acQusted to 0.53 Pa 
(4x1 0~^ Tonr). The resultant storage layer 4 had compensation tennperature of 1 00 ^C and a Curie temperature of 250 

[0084] Following introduction of a mixed gas of argon and nitrogen, electrical power was supplied to the Al target to 
form a 20-nm-thick, AIN protection layer 1 1 on the storage layer 4 under a condition that the gas pressure was adjusted 
to 0.53 Pa (4x10*^ Torr). 

[0085] Rnally, a UV-ray curing resin was deposited on the protection layer 11 using a spin coating technique and 
illuminated with UV radiation, to fomn an overcoating layer 12. 

(2) Recording and Reproduction Characteristics 

[0086] Similarly to the magneto-optical disk 25 of example 1 , a super-resolution magneto-optical disk (not shown) 
was fabricated as comparative example 1 incorporating the conventional super-resolution magneto-optical storage 
medium 21 shown in Rgure 2. The super-resolution magneto-optical disk as comparative example 1 did no include a 
magnetic flux forming layer 3 or a storage layer 4, but included a GS-nm-thick Tbo^4(Feo.a5^o.i 5)0.76 storage layer 6. 
The storage layer 6 of comparative example 1 had a compensation temperature of 25 ''C and a Curie temperature of 
250 ^C. 

[0087] A magnetic recording domain of a mark length of 0.3 pm was repeatedly formed along the lengths of the 
land recording regions of the super-resolution magneto-optical disk 25 of example 1 and the super-resolution magneto- 
optical disk of comparative example 1 at a linear vetoc'rty 5 m/s using an evaluation device that has an optical pickup 
capable of projecting a semiconductor laser with a wavelength of 630 nm according to a magnetio-field-modulation 
recording technique. Rgure 13 shows reproduction power dependence of the CNRs (signal-to-noise ratio) obtained in 
reproduction from the magnetic recording domains. In the figure, CNR 1 represents results of example 1, whereas 
CNR1 1 represents results of comparative example 1 . 

[0088] Here, the mark length was equal to the lengtii (0.3 pm) of the magnetic recording domain and also equal to 
half the pitch (0.6 iim) between two adjacent magnetk: recording domains. 

[0089] For both CNR 1 (example 1 ) and CNR 1 1 (comparative example 1 ), when the reproduction power increased, 
the reproductbn layer 1 changed from in-plane magnetization to perpendknjlar magnetization, and the CNR grew 
accordingly. This was a result of the realization of super-resolution reproduction. CNR 1 and CNR11 both peaked at 36 
dB with a reproduction power of 1.6 mW. As the reproduction power increased further, CNR 1 1 plummeted, whereas 
CNR 1 remained substantially constant This showed that a wider reproduction power margin was availat)le in example 
1. 

[0090] For comparative example 1, as the reproduction power increased, since temperature at the center of the 
light beam spot increased closer to the Curie temperature of the storage layer 6, the net magnetization of the storage 
layer 6 grew smaller at the center of the light beam spot. The leaking magnetic flux arising from tiie storage layer 6 also 
grew smaller accordingly, which weakened the magnetostatic coupling between the reproduction layer 1 and the stor- 
age layer 6 to the extent that stable reproduction was disrupted. 

[0091 ] In contrast, in example 1 , since the net magnetization of the magnetic flux forming layer 3 continued to grow 
larger up to around the Curie temperature of the storage layer 4, the magnetic flux fonming layer 3 exhibited the greatest 
net magnetization at the center of the light beam spot at all times. Further, since the leaking magnetk: flux arising from 
the magnetic flux forming layer 3 grew gradually with a rise in reproduction power, a wider reproduction power margin 
was available. 
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[0092] This description would suffidentty explain that the super-resolution magneto-optical disk 25 incorporating 
the super-resolution magneto-optical storage medium 20 of embodiment 1 successfully perfonned stable reproduction 
even at high reproduction powers and offered wide power margin in comparison with the super-resolution magneto-opti- 
cal disk of comparative example 1 . A magneto-optical storage medium would show satisfactory perfomiance by incor- 
5 porating the structure of the super-resolution magneto-optical storage medium 20 of embodiment 1 . 

[Example 2] 

[0093] The following description will explain example 2 in accordance with the present invention in reference to 
10 associated figures. In example 2, the super-resolution nrtagneto-optical storage medium 22 of embodiment 2 above will 
be applied to a magneto-optical disk. Explanation is omitted of members that have the same function as those in exam- 
ple 1. 

[0094] The super-resolution magneto-opfical disk 26 of example 2 shown in Figure 1 4 is identical to the super-res- 
olutton magneto-optical disk 25 of example 1 , except tiiat the former includes a 1 0-nm-thfck, Gdo.26(Feo.78Coo^)o.74. 

IS supplementary storage l^r 7 being interposed between the magnetic flux forming layer 3 and the storage layer 4. 
[0095] Rgure 14 is a cross-sectional view showing the structure of the super-resolution magneto-optical disk 26. 
The super-resolution magneto-optteal disk 26 is constituted by a substrate 9, a transparent dielectric layer 10, a repro- 
duction layer 1 , a non-magnetic Intermediate layer 2, a magnetic flux forming layer 3, a supplementary storage layer 7, 
a storage layer 4, a protection layer 11, and an overcoating layer 12, which substrate and layers are stacked in this 

20 order. 

[0096] The supplementary storage layer 7 has a Curie temperature of 320 ""C, and exhibited a coercive force of 2.4 
kA/hi (30 Oe) at the Curie temperature of the storage layer 4 (i.e., 250 ""C). 

[0097] Experiments were conducted on the reproduction power dependence of the CNR of the super-resolution 
magneto-optteal disk 26 under the same conditions as in example 1 . The mark length of 0.3 \irr\ was not changed. The 
25 experiments revealed similar results to CNR 1 of example 1 shown in Figure 13. We could thus confirm that a wide 
reproduction power margin was available with the super-resolution magneto-optical disk 26 in example 2 just as witii 
the super-resolution magneto-optical disk 25 of example 1 . 

[0098] Rgure 1 5 shows recording magnetic field dependence (CNR 2) of the CNR of the super-resolution magneto- 
optical disk 26 of example 2 with a marie length of 0.3 a reproduction power of 1 .8 mW, and a recording power of 

30 5.5 mW. Rgure 15 also shows recording magnetic field dependence (CNR 1) of the CNR of the super-resolution mag- 
neto-optical disk 25 of example 1 . In Rgure 1 5, the recording magnate field of 8000 A/m (1 00 Oe) means that recording 
was canied out In the presence of an altemating magnetic field applied by a nriagnetic head so that the intensity is mod- 
ulated in the range of ±8000 A/m (±1 00 Oe), while continuously projecting a laser beam of a recording power of 5.5 mW. 
[0099] CNR 1 of the super-resolution magneto-optk:al disk 25 of example 1 , whch included no supplementary stor- 

35 age layer 7, reached a saturation point when the recording magnetic field was 24000 A/m (300 Oe). In contrast, CNR 2 
of the super-resolution magneto-optical disk 26 of example 2, whk^h included a supplementary storage layer 7, reached 
a saturatk>n point when the recording magnetic fiekJ 8000 A/m (100 Oe). The comparison shows that the provision of 
the supplementary storage layer 7 enables recording with low magnetic field strengths. 

[01 00] From the results above, in the super-resolution magneto-optk;al disk 25 of example 1 , the coercive force pro- 
40 duced by the magnetic flux fomiing layer 3 is 16 kA/rii (200 Oe) at the Curie temperature of the storage layer 4, and a 
recording magnetic field of 24000 A/m (300 Oe) is required to perform satisfactory recording. In contrast, in the super- 
resolution magneto-optcal disk 26 of example 2, the supplementary storage layer 7, whksh produces a coercive force 
as snnall as about 2.4 kfiJm (30 Oe) at the Curie temperature of the storage layer 4, is exchange coupled to the magnetic 
flux tbmning layer 3 and the storage layer 4. This can viewed as satisfactory recording being successfully done at a 
45 recording magnetic field of about 8000 A/m (1 00 Oe) due to the fact that the magnetization of the supplementary stor- 
age layer 7 and the magnetic flux forming layer 3 is readily reversed by a low magnetic field strength. 
[0101] It wouki be understood from the above description that the structure employed in the super-resolution mag- 
neto-optical disk 26 could improve recording characteristics at low magnetic field strengths better than that employed 
in the super-resolution magneto-optical disk 25 of comparative example 1 . 

50 

[Example 3] 

[0102] The following description will discuss example 3 in accordance with the present invention in reference to 
assodated figures. In example 3, the super-resolutk>n magneto-optk:al storage medium 23 will t>e applied to a mag- 
55 neto-optical disk. Explanation is omitted of members that have the same function as those in example 1 or 2. 

[0103] The super-resolution magneto-optical disk 27 shown in Rgure 16 is identical to the super-resolution mag- 
neto-optical disk 25 of example 1, except that the former includes a 20-nm-thicK Gd^isFeo^ In-plane magnetized 
layer 8 being interposed between the reproductk>n layer 1 and the non-magnetic intermediate layer 2. 
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[0104] Rgure 16 is a cross-sectional view showing the structure of the super-resolution magneto-optical disk 27. 
The super-resolution magn^o-optical disk 27 includes a disk main body constituted by a substrate 9, a transparent (fie- 
lectric layer 1 0, a reproduction layer 1, an in-plane magnetized layers, a non-magnetic intermediate layer 2, a magnetic 
flux forming layer 3, a storage layer 4, a protection layer 1 1 , and an overcoating layer 1 2, which substrate and layers are 
stacked in this order. 

[0105] The inrptane magnetized layer 8 has a Curie temperature of 140 ^C, and exhibits in-plane magnetization 
throughout a temperature range up to the Curie temperature. 

[0106] Similarly, a conventional super-resolution magneto-opficat disk (not shown) was fabricated as comparative 
example 3, which unlike example 3 did not include a magnetic flux forming layer 3 or a storage layer 4, but included a 
65-nm-tiiick Tbo.24(Feo.a5Coo 15)0.76 storage layer 6. The storage layer 6 of comparative example 3 had a compensa- 
tion temperature of 25 *^C and a Curie temperature of 250 ^C. 

[0107] Rgure 1 7 shows results of experiments conducted in the same manner as in example 1 on the reproduction 
power dependence of the CNR of the super-resolution magneto-optical disk 27 and the super-resolution magneto-opti- 
cal disk of comparative example 3, by reproducing the data stored in the magnetk: recording domains having a mark 
length of 0.3 ^m. In Rgure 17, CNR 3 represents results of example 3, whereas CNR 33 represents results of compar- 
ative example 3. 

[0108] The exchange coupling of the reproduction layer 1 and the In-plane magnetized layer 8 having a low Curie 
temperature reinforced the in-plane magnetized mask on the reproduction layer 1. In comparison with CNR 1 and CNR 
1 1 of example 1, CNR 3 and CNR 33 of example 3 were low when the reproduction power is low and great when the 
reproduction power was optimal. Overall, CNR 3 and CNR 33 showed improved reproduction resolution. 
[0109] Comparison of CNR 3 and CNR 33 revealed that CNR 3 had a wider reproduction power margin than CNR 
33 as is the case witii example 1 . 

[01 10] It would be understood from the above description that the structure employed in the super-resolution mag- 
neto-optical disk 27 could achieve a wider reproduction power margin whk^h is as wide as that of the super-resolution 
magneto-optk:al disk 25 of example 1 and improve reproduction resolution. 

[Example 4] 

[0111] The following description will discuss example 4 in accordance with the present invention in reference to 
associated figures. In example 4, the super-resolution magneto-optical storage medium 24 will be applied to a mag- 
neto-optk»l disk. Explanation is omitted of members that have the same function as those in example 1 through 3. 
[0112] The super-resolution magneto-optk^al disk 28 shown in Rgure 18 is identk:al to the super-resolution mag- 
neto-optical disk 27 of example 3, except that the fomner includes a 10-nm-thick, Gdo^(Feo 78Coo.22)o.74 supplemen- 
tary storage layer 7 being interposed between the magnetic flux forming layer 3 and the storage layer 4. 
[0113] Rgure 18 is a cross-sectional showing the structure of the super-resolution magneto-optical disk 28. The 
super-resolution magneto-optk»l disk 28 is constituted by a substrate 9, a transparent dielectric layer 10, a reproduc- 
tion layer 1 , an in-plane magnetized layer 8, a non-magnetic Intermediate layer 2, a magnetic flux forming layer 3, a sup- 
plementary storage layer 7, a storage layer 4, a protection layer 1 1 , an overcoating layer 12, whteh substrate and layers 
are stacked in this order. 

[01 1 4] The supplementary storage layer 7 has a Curie tempemtune of 320 '^C, and has a coendve force of 2.4 kMn 
(30 Oe) at the Curie temperature of the storage layer 4, i.e., 250 X. 

[0115] Experiments were conducted on the reproduction power dependence of the CNR of the super-resolution 
magneto-optical disk 28 under the same conditions as in example a The mask lengtii of 0.3 |im was not changed. The 
experiments revealed similar results to CNR 3 of example 3 shown in Rgure 17. We couM thus confirm that a wide 
reproduction power margin was available with example 4 just as with example 3. 

[01 1 6] Rgure 1 9 shows recording magnetic field dependence (CNR 4) of the CNR of the super-resolution magneto- 
optical disk 28 with a mark length of 0.3 |im, a reproduction power of 2.0 mW, and a recording power of 5.8 mW. Rgure 
19 also shows recording magnetic field dependence (CNR 3) of the CNR of the super-resolution magneto-optical disk 
27 of example 3. tn Rgure 19, the recording magnetb field of 8000 A/m (100 Oe) means that recording was canied out 
in the presence of an alternating magnetic field applied by a magnetic head so that the intensity is modulated in the 
range of ±8000 A/m (±100 Oe), while continuously projecting a laser beam of a recording power of 5.5 mW. 
[0117] CNR 3 of the super-resolution magneto-optical disk 27 of example 3, whk:h included no supplementary stor- 
« age layer 7, reached a saturation point when the recording magn^'c field was 24000 AAn (300 Oe). In contrast, CNR 4 
of the super-resolution magneto-optical disk 28 of example 4, whbh included a supplementary storage layer 7, reached 
a saturation point when the recording magnetk; field 8000 AAn (100 Oe). The comparison shows that the provision of 
the supplementary storage layer 7 enables recording with low magnetic field strengths. 

[01 1 8] From the results above, In exanrple 3, the coercive force produced by the magnetto flux forming layer 3 is 1 6 
kA/kn (200 Oe) at the Curie temperature of the storage layer 4, and a recording magnetic fietel of 2.4 kA/m (30 Oe) is 
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required to perform satisfactory recording. In contiBSt, in example 4, the supplementary storage layer 7, which produces 
a coercive force as small as akx}ut 2400 A/m (30 Oe) at the Curie temperature of the storage layer 4, is exchange cou- 
pled to the magnetic flux forming layer 3 and the storage layer 4. This permits the magn^ization of the supplementary 
storage layer 7 and the magnetic flux forming layer 3 to be readily reversed by a low magnetic field strength, and even- 
5 tually leads to satisfactory recording being successfully done at a recording magnetic field of about 8000 AJm (1 00 Oe). 
[01 19] It would be understood from the above description that the structure employed in the super-resolution mag- 
neto-optical disk 28 could improve reproduction resolution and recording characteristics at low magnetic field strengths 
better than that employed in the super-resolution magneto-opticai disk 25. 

[0120] In examples 1 through 4, we described strictures including a non-magnetic intemnediate layer 2 for the pur- 
10 pose of establishing stable magnetostatk: coupling between the reproduction layer 1 and the in*plane magnetized layer 
8 as well as among the magnetk: flux forming layer 3, the supplementary storage layer 7, and the storage layer 4. How- 
ever, any means other than the non-magnetic intermediate layer 2 may be alternatively used as long as the magneto- 
stafic coupling is established. 

[0121 ] For example, stable magnetostatk: coupling can be achieved, for example, by the use of either a rare-earth 
IS metal with an extremely low Curie temperature, such as Gd, Tb, Dy, or Nd; or a transition metal with in-plane magnetk: 
anisotropy which is sufficiently large enough to cut off the exchange coupling, such as Fe or Co. Recording and repro- 
duction characteristks similar to examples 1 through 4 are available in these cases too. 

[Example 5] 

20 

[0122] In example 5, experiments were conducted on the recording and reproduction characteristics of a super-res- 
olution magneto-opfical disk 27 that has the same structure as described in ecample 3. The differences lie in the com- 
ponents making up the magnefic flux forming layer 3. Explanation is omitted of members of example 5 that have the 
same function as those in the foregoing examples. 

25 [0123] In the super-resolution magneto-optical disk 27 of example 3, the reproduction layer 1 , the in-plane magnet- 
ized layer 8, the magnetic flux forming layer 3, and the storage layer 4 were composed respectively of GdFeCo, GdFe, 
DyFeCo, and TbFeCo. In this case, a recording magneto field as high as 24000 A/m (300 Oe) was required as indk:ated 
by CNR 3 in Rgure 19, because the DyFeCo magnetic flux forming layer 3 produces a coercive force of about 16000 
A/m (200 Oe) at the Curie temperature of the TbFeCo storage layer 4. If in the structure shown in example 3 the mag- 

30 netic flux forming layer 3 is composed of a material such that rt can produce a weaker coercive force at the Curie tem- 
perature of the TbFeCo storage layer 4, recording would be successfully done at lower magnetk; fields. To this end, the 
magnetic flux fbnming layer 3 is preferably composed of an alkiy of rare-earth and transition metals, such as HoFeCo, 
HoDyFeCo, HoTbFeCo, GdDyFeCo, or GdTbFeCo, that has a smaller perpendkxjtar magnetic anisotropy than 
DyFeCo. 

35 [01 24] Table 1 shows magnetic properties of various magnetic flux fomning layers 3 composed of different materials 
for comparative purposes. Tc3 denotes the Curie temperature of the magnetic flux fonning layers 3, Hc3 denotes the 
coercive force of the magnette flux fonning layers 3 at 250 **C whteh is equal to the Curie tenrtperature of the TbFeCo 
storage layer 4, and Hrec denotes the strength of the recording magnetic field at which the CNR of the magnetic flux 
forming layers 3 reaches a saturation point according to its dependence on the recording magnetic fiekl strength meas- 

40 ured in the same manner as shown in Rgure 19. It would be seen from Table 1 that when the magnetic flux forming 
layer 3 contains Ho or Gd as a rare-earth metal component, Hc3 and Hrec are both reduced relative to the case of 
DyFeCo. Note that both Ho and Gd have a smaller perpendcular nrtagnetic anisotropy factor than Dy. 



[Table 1] 





Tc3 


Hc3 


Hrec 


Dy0.23(FeOS5C^Oo.45)o.77 


375^0 


16.0 kA/m 


24.0 kA/m 


HOo^(Feo 35COo.65)o.73 


340«»C 


3.2kA/ni 


8.8 kA/m 


(^^J2S^a.7s)0J24(^^JSICpO0J5o)0.7B 


350*»C 


8.0 kA/m 


14.4 kA/m 


(HQo.5oTba5o)o.25(Fe0.45pOo.55)0.75 


365^C 


9.6kA/hi 


17.6 kA/m 


(GdoL25Dyo.75)o.25(F«o.5oPoaso)a7s 


365^C 


9.6kA/hr) 


12.0 kA/m 


(Gdo.50^a5o)OL2s(^.55^.45)o.75 


375*C 


10.4 kAAn 


12.8 kA/m 



[0125] In example 5, the magnetic flux fonning layer 3 is composed of HoFeCo, HoDyFeCo, HoTbFeCo, GdDy- 
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FeCo, or GcfTbFeCo; however, this does not deny other possibilities. 

[0126] It would be seen from those results described above that according to the present invention, the use of an 
alloy of rare-earth and transition metals that produces a lower coercive force at the Curie temperature of the TbFeCo 
storage layer 4 than DyFeCo enables similar recording at low magnetic field strengths. 
5 [0127] In example 5, we explained that the structure of example 3 can be used to perfomi recording at low magnetic 
field strengths, provided that Hc3 of the magnetic flux fonming layer 3 is reduced and also that the structures of exam- 
ples 1 , 2, and 4 can be used to perform recording at even lower magnetic field strengths, provided that Hc3 of the mag- 
netic flux fbmilng layer 3 Is reduced. 

10 [Example 6] 

[0128] In example 6, experiments were conducted on the recording and reproduction characteristics of a super-res- 
olution magneto-optical disk which has a similar structure to that of the super-resolution magneto-optical disk 28 
described in example 4. The differences lie in the components making up the DyFeCo magnetic ftux fomiing layer 3. 

IS [0129] In the super-resolution magnetoK>ptical disk 28 of example 4, the reproduction layer 1 , the in-plane magnet- 
ized layer 8, the magnetk: flux fbmning leyer 3, the supplementary storage layer 7, and the storage layer 4 were com- 
posed respectively of GdFeCo, GdFe, DyFeCo, GdFeCo, and TbFeCo. Example 6 is identical to example 4, with the 
only exception that the component ratio of the DyFeCo magnetk: flux fomning layer 3 is varied in the fbmier to examine 
the magnetic properties that the magnetic flux forming layer 3 should exhibit. No change is made to the other magnetic 

20 layers. 

[0130] Table 2 shows Curie temperatures Tc3 and compensation temperatures Tcomp3 of various magnetk: flux 
forming layers 3 with different component ratios 



[Table 2] 





Composition 


Tc3 


Tcomp3 


No.1 


Dyo.23(F6o.7oCOo.3o)o.77 


275°C 


25''C 


No. 2 


Dya23{'^eo.65COo.35)o.77 


300^C 


25*'C 


No. 3 


Dy0.23{Feo.6oCOo.4o)o.77 


345°C 


25°C 


No. 4 


Dy0.23(F©0.55COo.45)o.77 


375«C 


25"C 


No. 5 


^0.23(^^0^*^ 0o.5o)o.77 


380^0 


25^0 


No. 6 


'^a23('^®0.45^00.55)0.77 


385*»C 


25«C 


No. 7 


Dyo.2i (^6055^00.45)0.79 


390°C 


-125°C 


No. 8 


Dyo.22(Feo^COo.45)o.78 


385^ 


-50'^C 


No. 9 


Dyo.23(^6o,55COo.45)o.77 


375**C 


25^C 


No. 10 


Dya24{F^eo.55CO0.45)0.76 


360*»C 


lOO^C 


No. 11 




345^ 


170**C 



45 [0131] Refening to Table 2, the super-resolution magneto-optk^al disks No. 1 to No. 6 share an equal RE:TM ratio, 
but have different FerCo ratios. Rgure 20 shows results of experiments whk:h were conducted on the reproducdon 
power dependence of the CNRs of No. 1 to No. 6 with a mark length of 0.3 }im under the same conditions as those in 
example 3. 

[0132] A fall in the Curie temperature of the magnette flux forming layer 3 brings down the temperature at whtoh the 
50 net magnetization reaches its peak value. It would be hence understood that the lower the Curie temperature of the 
magnetic flux forming layer 3 included in the super-resolution magneto-optical disk, the lower the reproduction power 
at which the CNR starts increasing. 

[0133] The super-resolution magneto-optical disk No. 1 included a DyFeCo magnetic flux forming layer 3 having a 
Curie temperature of 275 ""C, and exhibits reproduction power dependence similar to that of the super-resolution mag- 
55 neto-optk^l disk (CNR 33) which is a comparative example with no magnetic flux forming layer 3 as described in exam- 
ple 3 in reference to Rgure 17. So, the provision of the magnetic flux fonming layer 3 led to any signiflcant advantages. 
In contrast, the super-resolution magneto-optical disk No. 2 had a relatively large Co content to raise the Curie temper- 
ature of the DyFeCo magnetic flux forming layer 3 to 300 ^C, and exhibited a CNR of about 37 dB across a wider repro- 
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ducdon power range than the CNR of the super-resolution magneto-optical disk No. 1 . So, the provision of the magnetic 
flux forming layer 3 did lead to an advantage of a wider reproduction power margin. Similar results were confinmed with 
the super-resolution magneto-optical dislcs No. 3 to No. 6 including magnetic flux fomning layers 3 possessing various 
higher Curie temperatures. That is, the provision of the magnetic flux forming layers 3 led to an advantage of a wider 
5 reproduction power margin. 

[0134] It would be seen from those results described above that the Curie temperature of the magnetic flux forming 
layer 3 is preferably 300 ^'C or h'^her. 

[0135] Refening to Table 2, the super-resolution magneto-optical disks No. 7 to No. 1 1 share an equal Fe:Co ratio, 
but have different RE:TM ratios. Rgure 21 shows results of experiments whch were conducted on the reproduction 
10 power dependence of the CNRs of Na 7 to Na 1 1 with a mark length of 0.3 |im under the same conditions as those in 
example 3. 

[0136] Since the alloy of rare-earth and transition metals shows ferrimagnetlsm, it exhibits a zero net magnetization 
at the compensation temperature. If temperature rises further, tfie net magnetization grows. The super-resolution mag- 
neto-optical disk No. 7 possesses a compensation temperature of -125 "^C, and the magnetic flux forming layer 3 

IS included therein shows too large a net magnetization around ambient temperature, which leads to poor reproduction 
resolution. Therefore, the CNR of No. 7 is 33 dB even at its maximum, whk:h is too low a value to enable satisfactory 
reproduction. In contrast. Table 2 shows that the super-resolution magneto-optical disks Nos. 8, 9, and 1 0 had compen- 
sation temperature of -50 **C, 25 ^'C, and 100 **C respectively, and successfully produced CNRs of about 37 dB and 
wider reproduction power margins. Meanwhile, the super-resolution magneto-optk;al disk No. 1 1 , which had a compen- 

20 sation temperature of 1 70 ''C, successfully produced a CNR as high as about 39 dB, but led to too narrow a reproduc- 
tion power margin to perfbnm stat>le reproduction. 

[0137] It would be seen from those results described above that the compensation temperature of the magnetic flux 
fomning layer 3 is preferably in a range of from -50 ^ to 1 00 

25 [Example 7] 

[0138] In the foregoing examples, the reproduction l^r 1 included in the super-resolution magneto-optical storage 
medium was composed of an alloy of rare-earth and transition metals and showed RE-rich attributes such that the layer 
exhibited in-plane magnetization at room temperature, changed to perpendk>ular magnetization as temperature rose 
30 exceeding a critical temperature, and remained in that state above the critical temperature. However, as mentioned ear- 
lier, the present invention is applicable to any super-resolution magneto-optical storage medium in which the reproduc- 
tion layer 1 is magnetostatically coupled to the storage layer 4 at least when temperature rises (}.b., during 
reproduction). 

[0139] Rgure 22 is an illustration showing in a cross-sectional view magnetization of a super-resolution magneto- 
. 35 optical storage medium 29. The super-resolution magneto-optical storage medium 29 includes, among other things, a 
super-resolution magneto-optrcal storage medium including a second reproduction layer 13 which is magnetostatbally 
coupled to the magnetk: flux fbnming layer 3 and the storage layer 4 in accordance with the present invention. The sec- 
ond reproduction layer 13 is TM-rich and exhibits perpendknjlar magnetization at room temperature and has a compen- 
sation temperature around room temperature (in other words, the second reproduction layer 13 exhibits perpendicular 

40 magnetization from room temperature up to Curie temperature). 

[0140] In contrast, Rgure 23 shows in a cross-sectional view magnetization of a super-resolution magneto-opfical 
storage medium 30 diseased in Tokukaihei 8-1 80486/1 996. The super-resolution magneto-optical storage medium 30 
is constituted by a second reproduction layer 13, a non-magnetic intermediate layer 2, and a storage layer 6, which lay- 
ers are stacked in this order. The second reproduction layer 13 is TM-rich, ^hibits perpendicular magnetization at room 

45 temperature, and has a compensation temperature around room temperature. The storage layer 6 and the second 
reproduction layer 13 are magnetostatically coupled via the leaking magnetic flux arising from the storage layer 6 and 
the net magnetization produced by the second reproduction layer 13. The coupling allows magnetization in a part of the 
storage layer 6 where temperature is elevated to be copied to the second reproduction layer 1 3, so as to prefbnn super- 
resolution reproduction. In this case, since the second reproduction layer 13 is TM-rich, the TM moment copied onto 

50 the second reproduction layer 13 is opposite in direction to the TM moment copied onto the RE-rich reproduction layer 
1. 

[0141] It is prefenred that the second reproduction layer 13 produces increased magnetization around a reproduc- 
tion temperature, since it will reinforce the magnetostatic coupling between the magnetk: flux forming layer 3 and the 
storage layer 4 during reproduction. Accordingly, the second reproduction layer 13 is desirat>ly such that it has a com- 
55 pensation temperature around room temperature and produces a peak nrtagnetization around a reproduction tempera- 
ture as mentioned above. 

[0142] The storage layer 6 plays dual roles of storing infbmnation and of produdng a leaking magnetic flux to estab- 
lish magnetostatic coupling in the super-resolution magneto-optical storage medium 30 shown in Rgure 23. This also 
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holds true in the super-resolution magneto-optical disk which is a comparative example of example 1 . Therefore, replac- 
ing the storage layer 6 for the magnetic flux fbnning leyer 3 and the storage layer 4 as shown in Figure 22 enables stable 
magnetostatic coupling, leads to a wide reproduction power margin, and eventually imparts satisfactory recording char- 
acteristics. Further, providing a supplementary storage layer 7 as in the super-resolution magneto-optical storage 
medium 31 of Rgure 24 leads to a wide reproduction power margin, imparts satisfactory recording characteristics, and 
enables recording at low magnetic field strengths. The magnetic flux forming layer 3 used here may be one of those 
described in the foregoing embodiments and examples. 

[0143] Incidentally, to perform super-resolution reproduction on the magneto-optical disk 29 of the present exam- 
ple, the directions of magnetization in all the parts of the second reproduction layer 1 3 other than a part in which tem- 
perature is elevated to establish magnetostatic coupling are aligned to the direction corresponding to the direction of 
the reproduction magnefic field, while applying a reproduction magnetic field where light beam is projected, before mag- 
netization is copied only to the high temperature part, for example. 

[0144] The magneto-optical storage medium and recording method thereof described so far may be alternatively 
described as follows. 

[0145] A first magneto-optical storage medium in accordance with the present invention includes: 
a first magnetic layer constituted by a perpendicularly magnetized film; 

a second magnetic layer constituted by a perpendicularly magnetized film so as to be exchange coupled to the first 
magnetic layer; and 

a third magnetic layer magnetostatically coupled to the first and second magnetic layers at elevated temperatures, 

magnetization of the first magnetic layer being copied to the third magnetic layer, 

wherein 

the second magnetic layer is specified to produce a greater peak net magnetization and have a higher Curie tem- 
perature than the first magnetic layer. 

[0146] A second magneto-optical storage medium in accordance with the present invention incorporates all the fea- 
tures of the first magneto-opttoal storage medium in accordance with the present invention, and further includes 

a fourth magnetic layer, provided directly on either the first magnetic layer or the second magnetic layer, or both, 
whbh has a smaller perpendicular magnetic anisotropy than the first and second magnetic layers and a higher 
Curie temperature than the first magnetb layer. 

[0147] A third magneto-optical storage medium in accordance with the present invention incorporates all the fea- 
tures of either the first or second magneto-optical storage medium in accordance with the present invention, and is such 
that 

the second magnetic l£^r is specified to produce peak net magnetization at a higher temperature than is the first 
magnetic layer. 

[0148] A fourth magneto-optical storage medium in accordance with the present invention incorporates all the fea- 
tures of any one of the first to third magneto-optical storage media in accordance with the present invention, and is such 
that 

the second magnetic layer is specified to have a lower compensation temperature than is the first magnetic layer. 

[0149] A fifth magneto-optical storage medium in accordance with the present invention incorporates all the fea- 
tures of any one of the first to fourth magneto-optical storage media in accordance with the present invention, and is 
such that 

the third magnetic layer is constituted by a magnetic film which exhibits in-plane n^gnetization at room temperature 
and which changes to perpendicular magnetization at a critical temperature. 

[0150] A sixth magneto-optkxd storage medium in accordance with the present invention incorporates all the fea- 
tures of any one of the first to fourth magneto-optcal storage media in accordance with the present invention, and is 
such that 

the third magnetic layer exhibits perpendk:ularty magnetization from room temperature up to Curie temperature. 
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[0151] A seventh magneto-optical storage medium in accordance with the present invention Incorporates ail the 
features of the fifth magneto-optical storage medium in accordance with the present invention, and is such that 

the second magnetic layer produces peak net magnetization at a higher temperature than the critical temperature. 

[01 52] An eighth magneto-optical storage medium In accordance with the present Invention incorporates all the fea- 
tures of any one of the first to seventh magneto-optical storage media in accordance with the present invention, and is 
such that 

the second magnetic layer has a compensation temperature in a range of from -50 to 1 00 **C. 

[0153] A ninth magneto-optical storage medium in accordance with the present invention incorporates all the fea- 
tures of any one of the first to eighth magneto-optical storage media in accordance with the present invention, and is 
such that 

the second magnetic layer is composed of an alloy selected from the group consisting of DyFeCo, HoFeCOp HoE^- 
FeCo, HoTbFeCo, GdDyFeCo, and GcTTbFeCo, and 
the first magnetic layer is composed of TbFeCo. 

[0154] A method of recording infomiation on any one of the first to ninth magneto-optical storage media in accord- 
ance with the present invention includes the step of heating the first magnetic layer up to the Curie temperature thereof, 
while applying a magnetic field thereto. 

[0155] In the magneto-optical storage medium in accordance with the present invention, magnetostatic coupling 
forces grow between the third magnetic layer (reproduction layer) and the second magnetic layer (magnetic fiux forming 
layer) and also between the third magnetic layer (reproduction layer) and the first magnetic layer (storage layer). There- 
fore, the magneto-optical medium is capable of stably copying a weaker magnetization in a magnetic recording domain 
to the third magnetic layer (reproduction layer) and reproduce information stored therein. A wider reproduction power 
margin is thus achieved. Besides, since the second magnetic layer (magnetic fiux forming layer) serves to produce a 
leaking magnetic fiux to establish magnetostatic coupling to the third magnetic layer (reproduction layer), the reproduc- 
tion power margin is furtiier expanded, and the super-resolution magneto-optical disk is realized with satisfactory 
recording capabilities. 

[0156] The additional provision of a fourth magnetic layer (supplementary storage layer) enables recording at low 
magnetic field strengths. 

[0157] According to the method of recording the magneto-optical storage medium in accordance with the present 
invention, satisfactory recording is performed at low magnetic field strengths. 

[0158] The invention being thus descn'bed, it will be obvious that the same may be varied in many ways. Such var- 
iations are not to be regarded as a departure from the spirit and scope of the invention, and all such modifications as 
would be obvious to one skilled in the art are intended to be included witiiin the scope of the following claims. 

Claims 

1. A magneto-optical storage medium, comprising: 

a first magnetic layer (4) constituted by a perpendicularly magnetized film; 

a second magnetic layer (3) constituted by a perpendk:ularly magnetized film so as to be exchange coupled to 
the first magnetic layer (4); and 

a third magnetic layer (1) magnetostatically coupled to the first and second magnetic layers (4 and 3) at ele- 
vated temperatures, magnetization of the first magnetic layer (4) being copied to the third magnetic layer (1), 
wherein 

the second magnetic layer (3) has a higher Curie temperature than the first magnetic layer (4). 

2. The magneto-optical storage medium as set forth in daim 1 , further comprising 

a fourth magnetic layer (7), provided directiy on at least eittier the first magnetic layer (4) or the second mag- 
netic layer (3), which has a smaller perpendicular magnetic an'isotropy than the first and second magnetic lay- 
ers (4 and 3) and a higher Curie temperature than the first magnetic layer (4). 

3. The magneto-optical storage medium as set forth in claim 1 , 
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wherein 

the second magnetic layer (3) is specified to produce peak net magnetization at a higher temperature than is 
the first magnetic layer (4). 

5 

4. The magneto-optical storage medium as set forth In any one of claims 1 to 3, 

wherein 

the second magnetic layer (3) produces a greater peak net magnetization than does the first magnetic layer 
10 (4). 

5. The magneto-optk^l storage medium as set forth in any one of claims 1 to 4, 

wherein: 

IS the first magnetic layer (4) is specified to have a compensation temperature above room temperature, and; 

the second magnetto layer (3) is specified to have a lower compensation temperature than the first magnetic 
layer (4). 

6. The magneto-optical storage medium as set forth in any one of claims 1 to 5, 
20 wherein 

the first magnetic layer (4) is specified to have a compensation temperature in a range of from 50 to 200 ''C. 

7. The magneto-opfical storage medium as set forth in any one of claims 1 to 6, 
25 wherein 

the first magnetic layer (4) is specified to have a thickness in a range of from 10 nm to 40 nm. 

8. The magneto-opfical storage medium as set forth in any one of claims 1 to 7, 
30 wherein 

the second magnetto layer (3) and the ttiird magnetic layer (1 ) are spaced as closely to each other as possible. 

9. The magneto-optical storage medium as set forth in any one of claims 1 to 8, 
35 wherein 

the tiiird magnetic layer (1 ) is constituted by a magnetk: film which exhibits in-plane magnetization at room tem- 
perature and whtoh changes to perpendknilar magnetization at a critical temperature. 

40 10. The magneto-optical storage medium as set forth in any one of daims 1 to 8, 
wherein 

the third magnetic layer (1) eehibits perpendk^ularty magnetization from room temperature up to Curie temper- 
ature. 

45 

11. The magneto-optrcal storage medium as set forth in claim 9, 

wherein 

the second magnetic layer (3) produces peak net magnetization at a higher temperature than the critical tem- 
so perature of the third magnetic layer (1 ). 

12. The magneto-optical storage medium as set fortti in any one of claims 1 to 1 1 , 

wherein 

55 the second magnetic layer (3) has a compensation temperature in a range of from -50 **C to 1 00 

13. The magneto-opfical storage medium as set forth in any one of claims 1 to 12, 

wherein 
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the second magnetic layer (3) is specified to have a thickness in a range of from 20 nm to 80 nm. 

14. The magneto-optical storage medium as set forth in any one of claims 1 to 13, 

wherein: 

the second magnetic layer (3) is composed of an alloy selected from the group consisting of DyFeCo, HoFeCo, 
HoDyFeCo, HoTbFeCo, GdDyFeCo, and GdTbFeCo; and 
the first magnetic layer (4) is composed of TbFeCo. 

1 5. The magneto-optical storage medium as set forth In any one of claims 1 to 1 4, 

wherein 

the second magnetic layer (3) is specified to have a Curie temperature of not lower than 300 ^C. 

16. The magneto-optical storage medium as set forth in claim 2, 

wherein 

the fourth magnetic layer (7) is so provided that the second magnetic layer (3) and the third magnetic layer (1) 
are spaced as closely to each other as possible. 

17. The magneto-optical storage medium as set forth in claim 1 , further comprising: 

a fifth magnetic layer (8), provided directly on the third magnetic layer (1), which has a Curie temperature 
around the critical temperature at which the third magnetic layer (1) changes to perpendicular magnetization. 

18. The magneto-optical storage medium as set forth in claim 17, 

wherein 

the fifth magnetic layer (8) and a light-entering surface are intervened by the third magnetic layer (1). 

19. The magneto-optical storage medium as set forth in claim 1 , further comprising: 

a fourth magnetic layer {7), provided directly on at least either the first magnetic layer (4) or the second mag- 
netic layer (3), which has a smaller perpendicular magnetic anisotropy than the first and second magnetic lay- 
ers (4 and 3) and a higher Curie temperature than the first magnetic layer (4); and 

a fifth magnetic layer (8), provided directly on either one of sides of the third magnetic layer (1), which has a 
Curie temperature around the critical temperature at which the third magnetic layer (1) changes to perpendic- 
ular magnetization. 

20. The magneto-optical storage medium as set forth in claim 19, 

wherein 

the second and third magnetic layers (3 and 1) are spaced as closely to each other as possible. 

21 . A method of recording infonmation on the magneto-optical storage medium as set forth in any one of claims 1 to 20, 

comprising the step of: 

heating the first magnetic layer (4) up to the Curie temperature thereof, while applying a magnetic field thereto. 

22. A magneto-optical storage medium, comprising: 

a reproduction layer (1 ) which exhibits in-plane magnetization at room temperature and changes perpendicular 
nnagnetization at a temperature equal to, or higher than, a predetermined temperature; 
a storage layer (4), for storing magnetic information, which is magnetostatically coupled to the reproduction 
layer (1); and 

a magnetic flux fomiing layer (3) for producing a leaking magnetic flux so as to be magnetostatk:ally coupled 
to the reproduction layer (1), the magnetic flux fonning layer (3) being exchange coupled to the storage layer 
(4). 
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23. TTie magneto-optical storage medium as set forth in claim 22, 

wherein 

the magnetic flux forming layer (3) produces net magnetization which is at (east great enough to compensate 
for a loss of magnetization in the storage layer (4). 

24. The magneto-optical storage medium as set forth in claim 23, 

wherein 

the magnetic flux forming layer (3) has a higher Curie temperature than the storage layer (4). 

25. The magneto-optical storage medium as set forth in claim 24, 

wherein 

the magnetic flux forming layer (3) produces a greater peak net magnetization at a higher temperature than the 
storage layer. 

26. The magneto-optical storage medium as set forth in dalm 22, 

wherein 

the magnetic flux fomiing layer (3) has a lower compensation temperature than the storage layer (4). 

27. The magneto-optical storage medium as set forth in claim 22, 

wherein 

the magnetic flux forming layer (3) produces peak net magnetizatk)n at a temperature higher than the prede- 
termined temperature of the reproduction layer (1). 

28. The magneto-optical storage medium as set forth in claim 22, 

wherein 

the nnagnetic flux forming layer (3) and the reproduction l^r (1) are spaced as closely to each other as pos- 
sible. 

29. The magneto-optteal storage medium as set forth in claim 22, further comprising 

a supplementary storage layer (7) which has a higher Curie temperature than the storage t^er (4) and a 
smaller perpendk^ular magnetic anisotropy than the storage layer (4) and the magnetic flux fomning layer (3), 
wherein 

the supplementary storage layer (7) is exchange coupled to the magnetic flux fomning layer (3) above the Curie 
temperature of the storage layer (4). 

30. The magneto-optical storage medium as set forth in claim 22, further comprising 

an in-plane magnetized layer (8) which has a Curie temperature around a temperature at which the reproduc- 
tion layer (1) changes to perpendicular magnetization. 

31. The magneto-optical storage medium as set forth in claim 29, further comprising 

an in-plane magnetized layer (8) which has a Curie temperature around a temperature at which the reproduc- 
tion layer (1) changes to perpendk:ular magnetization. 
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FIG. 10 
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FIG. 11 
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FIG. 14 




28 



EP1 098 306 A2 




FIG. 16 
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FIG. 17 
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